The solid solutions (BiFeO3)1−x(BaTiO3)x (x = 0, 0.1, 0.2, 0.3, 0.4, and 0.5) have been synthesized adopting a solid state sintering route. Well crystalline phase of (BiFeO3)1−x(BaTiO3)x ceramics at dierent level of x has been optimized at sintering temperature of 950
Introduction
Magnetoelectric (ME) multiferroics have attracted much attention for both fundamental physics and applied physics due to their unique coupling behavior between ferroelectricity, ferromagnetism, and ferroelasticity [13] . The coexistence of these ferroic orderings provides an additional degree of freedom especially useful for memory and logic device applications [4] . They not only can be used in ferroelectric and magnetic devices but also provide an additional degree of freedom in device design and applications, such as in the emerging eld of spintronics [5] , multiple state memory elements, electric eld controlled ferromagnetic resonance devices and transducers with magnetically modulated piezoelectricity [6, 7] . BiFeO 3 (BFO) is the most important multiferroic material because it exhibits both G-type antiferromagnetism (T N ≈ 640 K) with a spatially modulated spin structure and ferroelectric (T C ≈ 1100 K) ordering at room temperature [8] . Multiferroic BiFeO 3 ceramic with a rhombohedrally distorted perovskite structure is a commensurate ferroelectric and an incommensurate antiferromagnet at room temperature [9] .
Unfortunately, BiFeO 3 has poor ferroelectric performance due to severe electric leakage both in thin lms and in bulks. It is believed that the electrical leakage is caused by oxygen vacancies and iron ions with dierent valences via the formation of shallow energy centers [10] .
* corresponding author; e-mail: chandel.integral@gmail.com the electrical insulation resistivity, the other is to add some dopants such as lanthanum [14] , gallium [11] , and neodymium [15] .
BaTiO 3 (BTO) appears to be one of the most promising end materials because the introduction of BaTiO 3 not only stabilizes the perovskite phase but also forms a morphotropic phase boundary.
In addition, BaTiO 3 is Pb free material and Ti substitution at the Fe sites can increase the magnetization of the novel compounds [16] . In present work, multi- 
Results and discussion
The dielectric constant is represented by ε = ε − ε , where ε is real part of dielectric constant (relative permittivity) and describes the stored energy while ε is imaginary part of dielectric constant, which describes the dissipated energy. Figure 1 shows the variation of dielectric constant (ε r ) of (BiFeO 3 ) 1−x (BaTiO 3 ) x as a function of frequency at room temperature for x = 0, 0.1, 0.2, 0.3, 0.4, and 0.5, respectively. The dielectric constant for all the samples decreases with increasing frequency, as can be expected from a conventional dielectric relaxation process. This is very much consistent with a normal behavior of a dielectric. At lower frequency, ε is expected to be higher due to the presence of all the dierent types of polarizations (i.e., interface, dipole, ionic, atomic, electronic, etc.).
The value of the dielectric constant of BiFeO 3 agrees well with that reported by Mahesh et al. [17] and Singh et al. [18] . However, the dip at 10 5 kHz observed in the frequency dependence of dielectric constant of BiFeO 3 is absent in our data; for all the samples investigated, a smooth curve has been obtained (Fig. 1) . The decrease in tan δ with increase in frequency is in accordance with the Koops phenomenological model [19] .
Dielectric loss ε is also found to decrease with increasing the content of BaTiO 3 in BFBT ceramics, justifying enhancement in resistivity with incorporation of BaTiO 3 .
To investigate further the eect of BaTiO 3 substitution, the dielectric constant and dielectric loss of the (BiFeO 3 ) 1−x (BaTiO 3 ) x ceramics are re-plotted as a function of content of BaTiO 3 (Fig. 3) . It is striking to see that dielectric constant increases with increasing content of BaTiO 3 up to x = 0.3 for all the frequency of 10, 100, and 1000 kHz (Fig. 3a) . Further increase of content of BaTiO 3 (after x = 0.3) reduces the value of dielectric constant. quencies. In general, it is believed that the dielectric loss is due to a space charges and interfacial and dipolar polarizations [20] . Dielectric relaxation due to a space charge or interfacial polarization occurs at low frequency.
The abundant space charges are suggested as originating from the aliovalent substitutions of Ba 2+ and Ti 4+ . It has been reported that remnant polarization (P r ) and coercive eld (E c ) values of perovskite-type ferroelectric material are aected by various factors, such as the displacement of polar ions [21] , domain pinning by defects [22] and orientation [23] , etc. In this study, enhanced values of Pr seems due to Ba 2+ ions replacing Bi 3+ ions in the perovskite unit cell, releasing the [24] , resulting in a destruction of the cycloid order of the BiFeO 3 structure (R3c). In fact, the hybridization of Ti O orbitals supports the dislocation of the Ti 4+ ion in the (100) direction. In addition, hysteresis loop BFO slightly shift to the positive bias eld, which could be attributed to crystallographic defect distribution, and thermal history between top electrode and bottom electrodes [25] .
P E loops can attain saturation indicating that the doped specimens can be poled fully whereas P E loop of the sample with x = 0.4 shows round corners, indicating signicant conductive losses (Fig. 4) . The leakage current is reduced with content of BaTiO 3 , being minimum for 70BF30BT, indicating highest resistivity at this composition. The structure of the specimen for x = 0.3 belongs to morphotropic phase boundary (MPB), providing better polarization properties. The sintering ability of the undoped sample is poor and the grain size is inhomogeneous, which is not benecial for domains reversal.
Sintering property was improved at x = 0.3 with homogeneous grain size, which is benecial for domains reversal, therefore the coercive eld of (BiFeO 3 ) 1−x (BaTiO 3 ) x is low at x = 0.3. However, with further increase in the content of BaTiO 3 , the coercive electric eld increases due to creation of oxygen vacancies. The appearance of the oxygen vacancies will lead to oxygen octahedral distortion, resulting in a pinning eect on domains reversal.
Therefore, the coercive eld increases, making the materials hard. is observed in EDXS spectrum due to gold coating on the sample surface to make it conducting, required for FE-SEM. However; EDXS has not returned the exact expected results after allowing for errors within the EDXS system. This discrepancy can attributed to a variety of causes, such as the sample contamination by the ux and interference due to surface topography. Thus EDXS analysis also veried the chemically homogeneity of each element and relative ratio.
Conclusions
The dielectric constant for all the samples decreased with increasing frequency, as can be expected from a conventional dielectric relaxation process. Dielectric loss ε was also found to decrease with increase of the content of BaTiO 3 in BFBT ceramics, justifying enhancement in resistivity with incorporation of BaTiO 3 . Dielectric constant changed with magnetic eld for dierent samples of (BiFeO 3 ) 1−x (BaTiO 3 ) x ceramics. All compositions of (BiFeO 3 ) 1−x (BaTiO 3 ) x solid solutions had negative magnetocapacitance similar like most ferromagnetic and antiferromagnetic materials and showed a decrement in dielectric constant and capacitance. Well formed grains of ceramics samples with varying grain size and nearly uniform shape touching each other with somewhere free spaces lingering between them were obtained.
